INTRODUCTION
============

Solitary fibrous tumors (SFTs), which were first described by Klemperer and Rabin in 1931, are a rare group of spindle cell neoplasms of mesenchymal origin.^[@ref1])^ SFTs were reported with no gender predilection, and principally affect people in the 5th to 7th decade, but have been reported in all age groups.^[@ref2]-[@ref5])^ They are classified as intermediate malignancies by the WHO classification system, and rarely metastasize.

Although SFTs most commonly occur in the pleura, they have been diagnosed in numerous extrathoracic sites since the 1990s by the use of immunohistochemical studies, such as immunostaining for CD34 molecule.^[@ref2]-[@ref16])^ SFTs in the extremities, which arise most commonly in the thigh, are also rare; therefore, few case reports or case series have been reported previously.^[@ref2]-[@ref4],\ [@ref6]-[@ref8])^

Histopathologically, SFTs are composed of patternless distributions of closely packed spindle cells separated by varying degrees of fibrosis and prominent vascularity comprising numerous small- and medium-sized vessels (so-called \"staghorn-shaped\").^[@ref3],\ [@ref5])^ Tumors contain fibrous tissue-dominant and cellular-dominant areas. An area of myxoid change is sometimes detected. In addition, most tumors previously diagnosed as hemangiopericytoma are now classified into cellular variants of SFTs.^[@ref5])^ Their complicated histopathological heterogeneity makes radiographic images intricate.

In this report, we present the cross-sectional imaging appearance of 6 patients of SFT in an extremity; all underwent magnetic resonance imaging (MRI), and 4 were also assessed by computed tomography (CT). In addition, we compared these radiographic images with the histopathological findings.

MATERIALS AND METHODS
=====================

Patients
--------

Between January 2006 and July 2013, 6 consecutive patients presented to our hospital with a solitary fibrous tumor in an extremity. All were female; the median age (range) was 43 (13--78) years.

Imaging and diagnostic studies
------------------------------

All underwent MRI (1.5T or 3T) preoperatively, and excised tumors were diagnosed as a SFT by histopathological and immunohistological study results, including CD34 positivity. In 4 patients, CT was also performed preoperatively, and 2 of those patients underwent dynamic contrast-enhanced CT. MRI studies included axial T1-weighted image (T1WI) and T2-weighted image (T2WI). In 5 patients (all except patient 4), post-contrast fat-suppressed T1WIs in axial, coronal, and sagittal planes were obtained. In addition, a diffusion-weighted image (DWI; b=0, 1000 s/mm^2^) was obtained in 3 patients (patients 2, 3, and 4). The mean apparent diffusion coefficient (ADC) value of the tumor was obtained as follows: the region of interest encompassing the entire area of the soft tissue mass on a section of maximum area was drawn freehand on the ADC map. We also defined a \"vascular pedicle\" as large feeding vessels that could be detected in the tumor interstitium and tumor pedicle.^[@ref4],\ [@ref5])^

These 6 cases were reviewed to consensus by 2 radiologists with 9 and 3 years of experience of interpreting musculoskeletal images.

Our institutional review board approved this retrospective study and waived the requirement for obtaining informed consent from the patients.

RESULTS
=======

Clinical findings and imaging features of these 6 patients are summarized in [Table 1](#table1){ref-type="table"} and described in further detail below. None of the 6 patients had an associated paraneoplastic syndrome, such as hypoglycemia, hypertrophic pulmonary osteoarthropathy, or arthralgia. No metastasis was found on initial examinations. All patients underwent surgical excision of the tumors. Neither recurrence nor metastasis was detected during a mean (range) follow-up period of 39.5 (3--72) months after surgery.

###### 

Clinical features and imaging findings for six patients of solitary fibrous tumor in an extremity

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Patient   Age/\   Location/\                    Shape/\              CT findings                                                                                          MRI findings                                                             Vascular pedicle   ADC value (mm^2^/s)
            sex     Size (cm)                     Margin                                                                                                                                                                                                                
  --------- ------- ----------------------------- -------------------- ---------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------ ------------------ ---------------------
  1         78/F    Right shoulder 9.2×6.3×15.0   Lobulated\           NECT; iso- to low-density\                                                                           T1; iso-intensity\                                                       Yes                NA
                                                  Well-circumscribed   DCT; strong enhancement in solid part and nonenhancement in myxoid part, significant tumor vessels   T2; heterogeneous, low to high intensity\                                                   
                                                                                                                                                                            Gd; strong enhancement in solid part and nonenhancement in myxoid part                      

  2         36/F    Right thigh 6.2×3.3×3.0       Ovary\               NECT; low\                                                                                           T1; iso-intensity\                                                       Yes                2.10×10^--3^
                                                  Well-circumscribed   density\                                                                                             T2; heterogeneous, high signal area with reticular low signal area\                         
                                                                       DCT; strong enhancement from arterial phase                                                          Gd; strong enhancement containing reticular low enhancing area                              

  3         43/F    Right thigh 5.5×3.9×6.1       Ovary\               NECT; iso-density                                                                                    T1; iso-intensity\                                                       Yes                1.41×10^--3^
                                                  Well-circumscribed                                                                                                        T2; heterogeneous, low to high intensity\                                                   
                                                                                                                                                                            Gd; homogeneous, strong enhancement                                                         

  4         47/F    Left thigh 3.0×1.6×3.3        Ovary\               NA                                                                                                   T1; iso-intensity\                                                       No                 1.96×10^--3^
                                                  Well-circumscribed                                                                                                        T2; homogeneous, high intensity                                                             

  5         13/F    Left upper arm 1.6×1.6×1.6    Round\               NA                                                                                                   T1; iso-intensity\                                                       No                 NA
                                                  Well-circumscribed                                                                                                        T2; heterogeneous, low to moderate intensity\                                               
                                                                                                                                                                            Gd; heterogeneous, strong enhancement                                                       

  6         43/F    Left shoulder 3.8×2.5×5.0     Ovary\               NECT; iso-density                                                                                    T1; iso-intensity\                                                       Yes                NA
                                                  Well-circumscribed                                                                                                        T2; heterogeneous, high intensity\                                                          
                                                                                                                                                                            Gd; homogeneous, strong enhancement                                                         
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CT: computed tomography, MRI: magnetic resonance imaging, ADC: apparent diffusion coefficient, NECT: non-enhanced CT, DCT: dynamic CT

T1: T1-weighted image, T2: T2-weighted image, Gd: Gadolinium-enhanced fat-suppressed T1-weigthed image, NA: none available

Patient 1
---------

A 78-year-old woman presented with a 10-year history of palpable mass in the right shoulder. The mass had enlarged during the previous year and had been painful for three months. Imaging findings demonstrated a 9.2 × 6.3 × 15.0 cm, well-circumscribed, lobulated mass compressing the triceps brachii and deltoid muscles ([Fig. 1](#fig1){ref-type="fig"}a). The mass was of low- to iso-density with muscle on non-enhanced CT, had heterogeneous marked enhancement during the arterial phase of dynamic CT, and had more homogeneous enhancement in the venous phase. A vascular pedicle and tumor vessels also had developed ([Fig. 1](#fig1){ref-type="fig"}b). On MRI, the mass was iso-intense with muscle on T1WI. On T2WI, the proximal area of the tumor was mostly low intensity with a circumscribed area of high intensity, and the distal area of the tumor was of moderate to high intensity. On gadolinium administration, the mass had heterogeneous strong enhancement, similar to results of the contrast-enhanced CT. On histopathological examination, a mostly fibrous area corresponded to the low T2 signal area ([Fig. 1](#fig1){ref-type="fig"}c, d). In contrast, a predominantly cellular area corresponded to a moderate to high T2 signal area ([Fig. 1](#fig1){ref-type="fig"}e, f). Due to prominent vascularity with numerous small- and medium-sized vessels, both areas were markedly enhanced on dynamic contrast-enhanced CT and contrast-enhanced MRI. In addition, an area of myxoid change corresponded to a high T2 signal with no enhancement ([Fig. 1](#fig1){ref-type="fig"}g, h). No malignant features were seen on histopathological examinations.

###### 

A 78-year-old woman with a palpable and painful mass in the right shoulder. **a** Sagittal T2-weighted image demonstrates a low- to high-intensity, well-circumscribed, lobulated mass compressing the triceps brachii and deltoid muscles. A flow void was detected in the mass. **b** Coronal oblique CT (arterial phase) demonstrates a vascular pedicle (white arrow) and numerous tumor vessels. **c, d** Comparing the axial T2-weighted image and histopathology demonstrates that the fibrous area corresponds to the area iso-intense to muscle. **e, f** Comparing the axial T2-weighted image and histopathology demonstrates that the cellular area corresponds to the moderate to high signal area. **g, h** Comparing the axial T1 fat-saturated post-gadolinium MR image and histopathology demonstrates that the area of myxoid change corresponds to the area without gadolinium enhancement (g; white arrow). Hematoxylin and eosin stains, 100× magnification.
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Patient 2
---------

A 36-year-old woman presented with a 3-month history of a palpable, enlarging mass in the right thigh. Imaging findings demonstrated a 6.2 × 3.3 × 3.0 cm, well-circumscribed, oval mass between the medial great and sartorius muscles. The mass appeared less dense than muscle on non-enhanced CT, had heterogeneous marked enhancement during the arterial phase of dynamic CT, and had more homogeneous enhancement in the venous phase. A vascular pedicle was recognized ([Fig. 2](#fig2){ref-type="fig"}a). On MRI, the mass was also iso-intense with muscle on T1WI, and mostly high intensity with reticular low intensity on T2WI. After gadolinium administration, the mass was strongly enhanced, but contained reticular low-enhancing areas ([Fig. 2](#fig2){ref-type="fig"}b). On DWI (b=1000), this lesion was of high intensity and the ADC map revealed the heterogeneous, high value compared to muscle ([Fig. 2](#fig2){ref-type="fig"}c). Therefore, a T2 shine-through effect was suspected. The mean ADC value of this lesion was 2.10 × 10^--3^ mm^2^ / second. On histopathological examination, the reticular low-intensity area on T2WI corresponded to a fibrous structure; however, the T2 high-intensity area contained fibrous tissues, spindle cells, and myxoid change heterogeneity and we could not identify each component clearly on imaging. No malignant feature was found.

![A 36-year-old woman with a palpable mass in the right thigh. **a** Coronal oblique CT (arterial phase) demonstrates a well-circumscribed, markedly enhancing mass between the medial great and sartorius muscles. A vascular pedicle is visible (white arrow). **b** Coronal T1 fat-saturated post-gadolinium MR image demonstrates strong enhancement, but contains a reticular, low-enhancing area. A biopsy scar is visible outside the tumor (white arrow). **c** The apparent diffusion coefficient (ADC) map demonstrates a heterogeneous, high value, with a mean of 2.10×10^--3^ mm^2^ / second.](2186-3326-77-0167-g003){#fig2}

Patient 3
---------

A 43-year-old woman presented with a 4-year history of a palpable mass in the right thigh. This tumor was followed as a schwannoma at the referring hospital, but pain had developed during the previous year. Imaging findings demonstrated a 5.5 × 3.9 × 6.1 cm, well-circumscribed, oval mass compressing the medial great, sartorius, and adductor longus muscles ([Fig. 3](#fig3){ref-type="fig"}a). On non-enhanced CT, the mass was iso-dense with muscle. On MRI, the mass had iso-intensity on T1WI and heterogeneous low to high intensity on T2WI. After gadolinium administration, the mass was strongly enhanced with a vascular pedicle. On DWI (b=1000), this lesion had high intensity and the ADC map revealed it had the same value as muscle ([Fig. 3](#fig3){ref-type="fig"}b). The mean ADC value of this lesion was 1.41 × 10^--3^ mm^2^ / second. By histopathological examination, fibrous tissues, spindle cells, and myxoid change were mixed heterogeneously without a dominant component. No malignant feature was found.

![A 43-year-old woman with a palpable and painful mass in the right thigh. **a** An axial T2-weighted image demonstrates a low- to high-intensity, well-circumscribed, oval mass compressing the medial great, sartorius and adductor longus muscles. A biopsy scar is visible inside the tumor (white arrow). **b** The apparent diffusion coefficient (ADC) map demonstrates a value similar to muscle, with a mean of 1.41×10^--3^ mm^2^ / second.](2186-3326-77-0167-g004){#fig3}

Patient 4
---------

A 47-year-old woman presented with a 2-month history of a palpable, enlarging mass in the left thigh. Imaging findings demonstrated a 3.0 × 1.6 × 3.3 cm, well-circumscribed, oval mass within the subcutaneous tissues adjacent to the medial great and gracilis muscles ([Fig. 4](#fig4){ref-type="fig"}a, b). On MRI, the mass was iso-intense with muscle on T1WI, and had homogeneous marked high intensity on T2WI. A vascular pedicle was not visible. On DWI (b=1000), this lesion had high intensity and the ADC map revealed a homogeneous high value compared to muscle ([Fig. 4](#fig4){ref-type="fig"}c). The mean ADC value of this lesion was 1.96 × 10^--3^ mm^2^ / second. By histopathological examination, the tumor was a heterogeneous mix of all components with none dominant. No malignant feature was found.

![A 47-year-old woman with a palpable mass in the left thigh. **a** An axial T1-weighted image demonstrates an iso-intense, well-circumscribed, oval mass within the subcutaneous tissues adjacent to the medial great and gracilis muscles (white arrow). **b** An axial T2-weighted image demonstrates the markedly high intensity of this lesion. **c** The apparent diffusion coefficient (ADC) map demonstrates a homogeneous, high value compared to muscle, with a mean of 1.96×10^--3^ mm^2^ / second.](2186-3326-77-0167-g005){#fig4}

Patient 5
---------

A 13-year-old female presented with a 4-month history of a palpable, enlarging mass in the left upper arm. Imaging findings demonstrated a 1.6 × 1.6 × 1.6 cm, well-circumscribed, round mass within the subcutaneous tissues adjacent to the triceps brachii muscle ([Fig. 5](#fig5){ref-type="fig"}a). On MRI, the mass was homogeneously iso-intense with muscle on T1WI, and had low to moderate intensity on T2WI. After gadolinium administration, the mass had heterogeneous, strong enhancement ([Fig. 5](#fig5){ref-type="fig"}b). A vascular pedicle was not visible. By histopathological examination, the low-intensity area on T2WI corresponded to a mostly fibrous area and the moderately intense area corresponded to a mostly cellular area. No malignant feature was found.

![A 13-year-old female with a palpable mass in the left upper arm. **a** An axial T2-weighted image demonstrates an iso- to moderate-intensity, well-circumscribed, round mass within the subcutaneous tissues adjacent to the triceps brachii muscle. **b** Coronal T1 fat-saturated post-gadolinium MR image demonstrates the strong enhancement of this lesion. A biopsy scar is visible outside the tumor (white arrow).](2186-3326-77-0167-g006){#fig5}

Patient 6
---------

A 43-year-old woman presented with a 1-year history of a palpable mass in the left shoulder. Imaging findings demonstrated a 3.8 × 2.5 × 5.0 cm, well-circumscribed, oval mass within the subcutaneous tissues adjacent to the deltoid and triceps brachii muscles ([Fig. 6](#fig6){ref-type="fig"}a). On non-enhanced CT, the mass was iso-dense with muscle. On MRI, the mass had iso-intensity on T1WI and heterogeneous, high intensity on T2WI. After gadolinium administration, the mass was strongly enhanced with a small vascular pedicle ([Fig. 6](#fig6){ref-type="fig"}b). By histopathological examination, the tumor was a heterogeneous mixture without a dominant component. No malignant feature was found.

![A 43-year-old woman with a palpable mass in the left shoulder. **a** An axial T2-weighted image demonstrates a heterogeneous, high-intensity, well-circumscribed, oval mass within the subcutaneous tissues adjacent to the deltoid and triceps brachii muscles. **b** Coronal T1 fat-saturated post-gadolinium MR image demonstrates strong enhancement and a small vascular pedicle (white arrow).](2186-3326-77-0167-g007){#fig6}

DISCUSSION
==========

The 6 SFT patients in this report were all female, and each had a well-circumscribed, round or oval mass adjacent to fascia in an extremity. On MRI, the tumors were iso-intense with muscle on T1WI and had heterogeneous, high intensity on T2WI. Some patients had low-intensity areas on T2WI, which indicated fibrous tissue-dominant areas. After administration of contrast media, the tumors were heterogeneously or homogeneously, strongly enhanced. In addition, in 2 patients, dynamic contrast-enhanced CT demonstrated heterogeneous, marked enhancement in the arterial phase, and more homogeneous enhancement in the venous phase. A vascular pedicle was detected in 4 patients with the maximum tumor diameter more than 5 cm. On DWI, 3 patients had high signal intensity, and similar or higher values compared to muscle on the ADC map. These 6 tumors were benign histopathologically and clinically.

Pleural SFTs are more common, but intra- and extrathoracic SFTs are the same tumor histopathologically. Pleural SFTs tend to be small because of early diagnosis by chest X-ray, whereas SFTs in the soft tissue are relatively large. Most of these 6 tumors were small masses, with a diameter of less than 10 cm, and were palpable. They were smaller than the SFTs of previous reports.^[@ref4],\ [@ref6],\ [@ref7])^ This may be because SFTs in the extremities tend to be palpable even if the size is small; previous reports included SFTs in the extremities and also in the pelvis, retroperitoneum, or buttocks, which are less palpable when the tumor size is small, becoming palpable and symptomatic only after enlarging. Concurrent paraneoplastic syndromes, such as hypoglycemia, hypertrophic pulmonary osteoarthropathy, or arthralgia, have been reported; however, none was present in any of the current 6 patients.^[@ref2],\ [@ref5])^

On MRI, SFTs usually appear homogenously iso-intense with muscle on T1WI and contain various signals on T2WI, from low to high intensity, reflecting the underlying histopathology.^[@ref2],\ [@ref5],\ [@ref6])^ A low T2 signal indicates an area of dense fibrous tissue, whereas moderate to high T2 signals indicate higher cellularity with less fibrosis. In addition, myxoid change produces markedly high intensity on T2WI and loss of enhancement after injection of the contrast agent.^[@ref5])^ Findings in these 6 cases mostly corresponded to those of previous reports; however, only the tumor of patient 1 was clearly identifiable with imaging about various tumor components. The other 5 tumors also contained various tissues, identified histopathologically, but not discerned clearly with imaging because each area was too small to identify.

It has been reported that the focal or diffuse moderate to strong enhancement of SFTs on contrast-enhanced MRI and CT is due to the corresponding hemangiopericytoma-like vessels seen on histopathological examination.^[@ref2],\ [@ref5],\ [@ref7])^ All 5 of the current cases who underwent contrast-enhanced MRI (including the 2 who also had dynamic contrast-enhanced CT) had tumors with heterogeneous or homogeneous strong enhancement. In addition, in previously reported studies, vascular-rich areas had early enhancement and fibrous-rich areas had slow, progressive enhancement, which corresponded to findings in our 2 patients who underwent dynamic contrast-enhanced CT.^[@ref5],\ [@ref7])^ Wignall *et al.* reported that 35% of soft tissue SFTs had vascular pedicles and that this finding is helpful to narrow the differential diagnosis.^[@ref4])^ In the present report, a vascular pedicle was detected in 4 cases, but was not found in association with the smaller tumors. Unfortunately, characteristic findings, such as identification of tumor components and a vascular pedicle, tended not to be demonstrated for the smaller tumors.

There are few previous reports regarding DWI and ADC values of SFTs.^[@ref12]-[@ref17])^ To our knowledge, there has been only one such previous report regarding an SFT in a limb---a malignant hemangiopericytoma.^[@ref17])^ In the current study, the tumors of patients 2, 3, and 4 had high intensity on DWI and similar or higher values on the ADC map, compared to muscle. The findings suggest a T2 shine-through effect, which means high signal on DWI images that is not due to restricted diffusion, but rather to high T2 signal. The ADC values of these 3 cases were relatively high, but differed fairly widely (from 1.41--2.10 × 10^--3^ mm^2^ / second). In addition, the tumors of patients 2 and 3 were heterogeneous on the ADC map and had partially similar values to muscle. These areas were of low intensity on T2WI, which indicated they were fibrous-rich areas. In a past report, Inaoka *et al.* compared the ADC map with the histopathological findings of a thoracic SFT, and reported that the area of low ADC values (1.12--1.19 × 10^--3^ mm^2^ / second) corresponded to an area of histopathological malignancy.^[@ref12])^ In most previous reports regarding soft tissue tumors, however, ADC values and malignancy did not always correlate because of the presence of myxoid change, as detected by histopathology.^[@ref18]-[@ref21])^ Myxoid change in soft tissue SFTs, if not detected at imaging, may make the ADC value higher. In fact, the tumor of current patient 2 had abundant myxoid change areas not detected on imaging. Furthermore, SFTs have numerous dilated vessels, which can also make ADC values higher. The 3 patients in the current study who underwent DWI analysis had benign tumors; therefore, we cannot comment on using the ADC value to evaluate the malignant potential. Thus, the significance of the ADC value of SFTs in the extremities is uncertain, and the accumulation of the further data is necessary.

CONCLUSION
==========

We have presented 6 cases of SFTs in the extremities. An SFT in an extremity is often detected as a nonspecific palpable mass. SFT should be included in the differential diagnosis of a well-circumscribed mass adjacent to the fascia, with presence of a fibrous-dominant area, strong contrast enhancement, and a vascular pedicle. The usefulness of the ADC map for SFTs in the extremities is currently restricted, and accumulation of further data is necessary.
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